Gelatines were extracted from mackerel and blue whiting bones after chemical 23 or enzymatic pre-treatments and their functional properties (solubility, foaming and 24 emulsifying properties) were analysed. The pre-treatment significantly (p<0.05) 25 affected the composition and the functional properties of the extracted gelatines. The 26 amino acid analyses showed that chemically pre-treated bone gelatines had higher 27 imino acids (proline and hydroxyproline) contents compared to those extracted after 28 the enzymatic pre-treatment, regardless of the fish species. It was observed that all 29 gelatines had higher solubility at low pH with a maximum value observed at pH 2. A 30 significant effect of ionic strength was observed. Increasing the NaCl concentration to 31 more than 1% resulted in a significant decrease of the solubility. Mackerel bone 32 gelatines showed lower foaming capacity (FC) and higher foaming stability (FS) than 33 blue whiting bone gelatines. Increasing the concentration of gelatine decreased the 34 emulsifying activity (EAI) but increased the stability (ESI) indices. The use of 35 enzymes in the pre-treatment process generated gelatines with significantly (p<0.05) 36 higher EAI and ESI. 37 38
Introduction 47
Every year, significant amounts of waste are generated by the fish processing 48 industries. These wastes are regarded as low quality products and are discarded or in 49 the best case scenario processed into fishmeal and pet food (Kim & Mendis, 2006) . 50
Fish waste is costly to dispose of and is typically discarded overboard in case of 51 onboard processing or buried to landfill for the on-shore processing. examination as a source of ingredients with a potential application to the food 60 industry. Underutilised fish species along with fish processing discards may be 61 potential sources of bioactive and functional ingredients such as gelatine (Shahidi, 62 1994) . 63
Gelatine is a biopolymer produced by extraction and hydrolysis of fibrous, 64
insoluble collagen. Sources for fish collagen can be fish skin, bones, scales or 65 connective tissue (Kim & Mendis, 2006) . The industrial process of gelatine 66 manufacture involves either an acid or alkaline pre-treatment followed by extraction 67 with warm water. The heat denaturation converts collagen into gelatine. Further 68 clarification steps include filtration, concentration, drying and milling (Schrieber & 69 Gareis, 2007) . The quality of gelatine preparation depends on its physicochemical 70 properties, which are influenced not only by the species or tissue from which it is 71 extracted, but also by the severity of pre-treatment and extraction process. 72
Atlantic mackerel (Scomber scombrus) is a pelagics species and is abundant in 73 cold and temperate shelf areas such as the North Atlantic Ocean (Collette & Nauen, 74 1983 ). The world catch of mackerel was estimated around 566 thousand tonnes in 75 2007 (FAO, 2009 ). Blue whiting (Micromesistius poutassou) is a typical lean species 76 and belongs to the Gadidae family along with cod and haddock. Blue whiting is an 77 underutilised fish with a global catch estimated to be about 1.7 thousand tonnes in 78 2007 (FAO, 2009 ). 79
In this study, mackerel and blue whiting, models for oily and white fish, Seafood. Both fish were caught in the area FAO 27 (Atlantic, Northeast). The average 89 weights for mackerel and blue whiting were 277 g and 116.8 g, respectively. Fillets 90 were manually removed after beheading and evisceration of fish, the remaining meat 91 was separated from the frame using a knife. Bones and scales were cut manually into 92 small pieces (1 to 2 cm length) using scissors. The bones were divided into batches 93 and kept in the freezer at -20 °C for less than one month before use. After air cooling, Flavourzyme or Alcalase were added at an enzyme/substrate ratio of 136 0.1% (v/w). The bones were hydrolysed for 4 h at 50 °C with continuous shaking at 137 150 rpm using a Gallenkamp orbital incubator (AGB, Dublin, Ireland). After 138 hydrolysis the samples were heat treated in the microwave oven for 5 min to 139 inactivate the enzymes. The mixture was allowed to cool down and filtered through a 140 1 mm pore size sieve to separate the bones from the protein hydrolysates. The clean 141 bones were collected and demineralised. 142 143
Demineralisation and gelatine extraction 144
Fish bones were demineralised at room temperature for 18 hours using 0.25 N 145 7 148
Gelatine extraction 149
The pre-treated bones were mixed with distilled water (at a ratio of 1/3, w/v) 150 and gelatine was extracted in a water bath at 45 °C for 18 hours. All extraction steps 151 were done with continuous stirring at 150 rpm. Extracted gelatine was filtered using a 152 Gelatines were dissolved in 50 mM potassium phosphate buffer at pH 7.5 to a 215 final concentration of 0.6% (w/v, protein content). Five mL of gelatine solution were 216 mixed with 5 mL of NaCl in 50 mM phosphate buffer at pH 7.5 at various 217 concentrations (0, 2, 4, 6, 8, 10 and 12% (w/v)). The mixture was stirred continuously 218 using a magnetic-stirrer device for 30 min at 5 °C, followed by centrifugation at 219 9,000×g for 15 min at 5 ºC. Protein content of the clear supernatant was determined as 220 described above. Relative solubility was calculated in comparison with that obtained 221 at the NaCl concentration giving the highest solubility. 
Characterisation of fish bones and gelatine extraction yield 272 273
Mackerel and blue whiting bones had similar protein (19.8 and 19.5%, 274 respectively) and moisture (64.9 and 64.2%, respectively) contents. The ash content 275 was considerably high for both fish bones (8.9 and 16.0% for mackerel and blue 276 whiting, respectively) mainly due to the high content of minerals. The fat content of 277 mackerel bones was significantly (p<0.05) higher than blue whiting bones (5.5 and 278 The gelatine extraction yields varied depending on the pre-treatment used for 281 mackerel and blue whiting bones (Table 1) . Regardless of fish, gelatine extracted 282 from chemically pre-treated bone, showed the lowest yield. Yields of 2.5 and 1.0% 283 were observed for mackerel and blue whiting respectively. Bones pre-treated 284 enzymatically generated significantly (p<0.05) highest yields (~3.9 and 1.8%, for 285 mackerel and blue whiting, respectively). 286 The effect of NaCl on the relative solubility is depicted in Figure 2 (C & D) . In 339 general, the solubility of gelatines decreased gradually with increasing concentration. 340
The decrease in solubility with the increase of NaCl concentration is probably due to 341 the increase of the hydrophobic interactions and to the competition of ionic salts for 342 water (Vojdani, 1996) . 343
The higher solubility of gelatines, from both fish bones pre-treated 344 enzymatically, compared to those pre-treated chemically could be due to the presence 345 of lower molecular weight peptides formed during the extraction process (enzymatic 346 hydrolysis and demineralisation step). The hydrolysis generally cleaves peptides with 347 more polar residues that may interact with water molecule through hydrogen bonds 348 and results in an increase in solubility (Gbogouri Table 3 . 395 396
Emulsifying capacity 397
The emulsifying activity index (EAI), a measurement of the area of interface 398 stabilized per unit weight of protein (m 2 /g) relates to the ability of a protein to coat an 399 interface (Pearce & Kinsella, 1978) . The results showed that the increase of the 400 concentration of gelatine solution decreased the emulsifying activity (EAI). Similar The protein concentration is an important parameter that affects the emulsifying 403 activity. Low protein concentration favours higher EAI, due to the ability of the protein to diffuse and adsorb at the oil-water interface (Cheftel et al., 1985) . While at 405 high protein concentration, the diffusion is limited as a result of the activation energy 406 barrier (Phillips, 1981) . 407
For all the concentrations studied (0.05, 0.1 and 0.2%), gelatines extracted 408 from mackerel and blue whiting bones after pre-treatment with Alcalase and 409
Flavourzyme showed significantly (p<0.05) highest EAI, while the chemical pre-410 treatment gave gelatines with the lowest EAI (Table 3) . This possibly resulted from 411 the difference in the intrinsic properties, composition and conformation among the 412 different gelatines (Cheftel et al., 1985) . Mechanisms of the emulsification process of 413 gelatines are correlated to the adsorption ability at the surface of freshly formed oil 414 droplets during homogenization and formation of a protective membrane that prevents 415 droplets coalescence. According to Rahali et al. (2000) , the degree of insertion of 416 peptides in the interfacial layer mostly depends on the alternative distribution of 417 hydrophobic and charged amino acids. The flexibility of protein (or peptide) structure 418 may be an important structural factor governing the emulsification (Kato et al., 1985) . 419
It is also known that protein solubility plays an important role in emulsification 420 because rapid migration and adsorption at the interface are critical (Chobert et al., 421 1988). 422 423
Emulsifying stability 424
For all gelatines, regardless of the source and the pre-treatment, a positive 425 correlation between the protein concentration and the ESI was found (increasing the 426 concentration of gelatine solutions increased the ESI). Similar results were previsouly 427 observed for whey proteins (Hung & Zayas, 1991) . High protein concentrations result 428 in higher viscosity of the dispersion. This usually leads to a better emulsion stability 429 probably by reducing the coalescence rate (Sajjadi, 2007) . 430
For both fish, gelatines extracted after the enzymatic pre-treatment of bones 431 showed significantly (p<0.05) higher ESI compared to those extracted after the 432 chemical pre-treatment (Table 3) Table 2 Average amino acid composition (g/100 g amino acids) of gelatines extracted 643 from mackerel and blue whiting bones using different pre-treatments. 644 645 Table 3 Emulsifying activity (EAI) and stability (ESI) indexes of gelatines from 646 mackerel and blue whiting bones extracted using different pre-treatments at different 647 concentrations (0.05, 0.1 and 0.2%). 
